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FD&C Yellow No. 5 (tartrazine), FD&C Red No. 40 (allura red), and
D&C Red No. 4 (ponseau sx) are federally approved dyes that are widely
used in foods, drugs, and/or cosmetics. Cytogenetic analyses of
Muntiacus muntj ac fibroblast cells exposed to various concentrations
of the three azo-dyes were conducted. A 48 hr treatment was sufficient
in inducing chromosomal aberrations with each of the three dyes used.
A longer treatment (144 hr) resulted in a decrease in chromosomal
aberrations. Experiments involving a 3 day treatment and an additional
13 days in culture, resulted in a decrease in the number of breaks and
gaps observed. Evaluation of the combined effects of acetylsalicylic
acid and tartrazine did not demonstrate synergistic interaction. Cells
exposed to ascorbic acid and tartrazine simultaneously did not demon¬
strate a decrease in aberration count as originally hypothesized for
the potential antioxidant action of ascorbate. As compared to previous
experiments, this group exhibited higher percentages of aberrant
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chromosomes,
A higher frequency of breaks was observed on chromosome number 1
than on other chromosomes with each of the dyes used. There was also
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Investigations into the coal tar industry have prompted
extensive research in the area of environmental health. Dyes that
are federally approved for consumer use and carry the FD&C and/or
D&C label(s) have been found to be potential health threats.
Tartrazine (FD&C Yellow No. 5) is one such dye and experimentation
has shown that it causes severe health problems in those individuals
who are sensitive to it. Because tartrazine is consumed daily in very
large quantities due to its presence in foods, drugs, and cosmetics,
analyses of the dye in relationship to anaphylactic shock, aspirin
cross-reactivity, and hypersensitivity are presently underway; in
vivo investigations have produced most of the results obtained
concerning the dye.
Allura red (FD&C Red No. 40) and ponseau sx (D&C Red No. 4) of
coal-tar origin, have also been of concern to scientists. A note of
the ”D&C" label carried by ponseau sx indicates that the federal
government does not consider ingestion of the dye via food as safe;
it is now only found in drugs and cosmetics.
Studies of each of the dyes indicated above will include
chromosome analyses of Muntiacus muntjac fibroblast cells, as well as




In the United States the potential toxicity of certain substances
contained in products used for cosmetic, medicinal, and nutritive
purposes need not be reported; nor is it necessary for these substances
to be listed on the label of the products. The number of foods, drugs,
and bevarages containing dyes and preservatives must amount to hundreds,
possibly thousands. Research investigations suggest a relationship
between these substances and asthma, aspirin intolerance, cancer, and
diseases of behavior and perception (Cordas, 1978).
One class of potentially toxic substances, of coal tar origin, is
referred to as azo compounds. These non-nutritive additives are used
to color, flavor, and/or preserve foods, drugs, and cosmetics. The
color industry uses dyes as a means of giving products a pleasing
appeal to the consumer. To date, thirty-four substances classified
as food colors are on the Food and Drug Association's approved list and
ten of these colorants are coal tar derivatives (Cordas, 1978). There
are some approved colorants that have been indicated as producing toxic
effects within those individuals who are sensitive to azo dyes. One dye
in particular, amaranth (formerly FD&C Red No. 2) was shown to be
mutagenic and possibly carcinogenic in rats (Andrianova, 1970) and
subsequently its use has been banned by the FDA. Collins and
McLaughlin (1972) reported that approximately 1.5 x 10^ pounds
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(0.68 X 10^ kg) of amaranth were used each year in over sixty countries.
Calculations show that the annual American per capita consumption of
azo-dyes is close to five pounds, which is double the amount consumed
twenty years ago (Chung ^ al., 1978). Considering the large scale
consumption of these dyes there is no doubt that their value and
safety are at present issues of concern for scientists and laymen,
and have prompted an over-all investigation by the FDA into the
coloring industry.
Mutagenicity/Carcinogenicity of Azo Compounds
Some azo dyes are well-known carcinogens, but the mutagenicity
of the dyes was not fully examined until Yahagi ^ (1975) tested
the mutagenicity of N,N-dimethyl-4-aminobenzene and N-methyl-4-
amlnoazobenzene. It was found that for their mutagenic action the
dyes required metabolic activation by rat liver microsomal enz3nnes.
However, some of their derivatives were found to be mutagenic without
microsomal enzyme activation. This observation suggests that the
derivatives may be carcinogens. The investigators also suggest that
the carcinogenic effects of the azo dyes used may involve modification
of DNA.
Further investigations of azo dyes have revealed a possible
correlation between these dyes and intestinal cancer (Chung , 1978).
In vivo, azo dyes are degraded by intestinal microorganisms (Jones e^ al.,
1964) and possibly the carcinogenesis of azo dyes could be due to their
degradative products in the intestine. It has been shown that reduction
of azo dyes is carried out in the intestine by anaerobes that are a part
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of the gastrointestinal flora. One of the main events that aid in
azo dye reduction is the cleavage of the characteristic linkage
present in all azo dyes (N=N). It is possible that the toxic and/or
carcinogenic effects of these dyes in the gut may be due to their
degradatlve products (Chung , 1978). Bonser ^ al. (1956)
reported that l’^amino-2-naphthal, a reduction product of Orange II,
induced bladder tumors after bladder Implantation in mice. Roxon
et al. (1966) reported that glucose stimulated tartrazlne*s reduction
by Proteus vulgaris. Results of Chung et (1978) study indicated
that reduction of tartrazine occurred anaerobically and the colon was
perhaps the primary site of the reduction of azo dyes.
The toxic effects of the azo dye, amaranth (formerly FD&C Red
No. 2), was reported to be attributed to two metabolites; sodium
naphthionate, which causes sternebral abnormality in fetuses, and
R-amino salt, which causes skeletal abnomality also in fetuses
(Collins and McLaughlin, 1972).
Although the more negative aspects of azo dye metabolism have been
studied most extensively, one study presented a more positive role for
azo dyes that entailed their use in the prevention of induced leukemia
in rats by hydrocarbons. Huggins^ (1978) used the hydrocarbon
7,8,12’-trimethylbenzo(a)^anthracene (7,8,12t-TMBA) to induce leukemia in
rats. Injection of the azo dyes, Sudan III and IV, prior to intravenous
injection of 7,8,12’-TMBA greatly decreased the frequency at which the
induced leukemia occurred.
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Tartrazine (FD&C Yellow No. 5); A Description and History
The vast amount of attention that azo dyes have received was
mostly due to their allergic potential. The fact that these additives
pose a threat because of their toxicity is well recognized and their
use has been limited in most countries. In comparing national lists
there is no common colorant; however, the yellow dye, tartrazine, is
the closest to an approved dye that is universal (Chapman, 1961).
Tartrazine (FD&C Yellow No. 5) is a pyrazole aniline dye. Its usage
ranges from colored candy and drinks to hand lotions and capsules.
Chemically, it is 5-oxo-l(p-sulfophenyl)-4-(sulfophenyl azo)-2-
pyrazoline-3-carboxylic acid, trisodlum salt. Its physical appearance
is bright yellow-orange, and it is freely soluble in water.
Long-teirmed feeding studies of the dye revealed no evidence of
toxicity in rats (Mannel et al., 1958). This has been the only known
lifetime feeding study done. Speer (1958) Implemented color additives
as causative agents in childhood asthma; however, tartrazine was not
the additive specifically Investigated. Lockey (1959) reported three
cases of sensitivity to tartrazine. Chaffee and Settipane (1967)
reported severe asthma in an adult caused by certain artificial colors.
This case was also the first report of a cross reactivity between
tartrazine and aspirin. Included in these studies was a double-blind
procedure that was used to challenge the subjects with the dyes, thus
establishing beyond a reasonable doubt that tartrazine sensitivity
did exist.
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Experimental and clinical data of the effects of tartrazine was
collected by Cordas C1978). In his report, it was stated that the
FDA certified 956,600 pounds of tartrazine in 1970. At present, the
dye can only gain temporary status on the government's approved list
of dyes.
Tartrazine Sensitivity arid Aspiriti Intolerance
(Experimental and Clinical Data)
It has been found that most tartrazine sensitivity occurs in
patients with aspirin intolerance. Stenius and Lemola (1976) tested
over one-hundred asthmatics with acetylsallcylic acid (ASA) and/or
tartrazine. Results of these tests showed that patients reacting to
tartrazine were also sensitive to ASA. Nine patients out of twenty-five
tartrazine-posltlve cases (36%) gave a history of asthmatic symptoms
following Ingestion of either flavored yogvtrt, colored tablets, or
various types of commercial fruit juices or carbonated drinks
containing tartrazine.
There has been a reported case of tartrazine sensitivity without
aspirin intolerance, diagnosed by a double-blind crossover procedure
(Zlotlow and Settipane, 1977). A study performed by Samter and
Beers (1968) showed that 14 out of 182 patients intolerant to aspirin
also manifested adverse reactions to tartrazine. Stenius and Lemola
(1976) found that 44% of aspirin-sensitive patients reacted adversely
to tartrazine. According to Gerber et al. (1979), Vane (1971) discovered
that aspirin inhibits prostaglandin synthesis. Gerber et al. (1979)
attempted to show, via in vitro systems, the effects of tartrazine on
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the prostaglandin system. Results indicated that tartrazine had
no effect on the rate-limiting step in prostaglandin production,
which is the activation of acyl hydrolase. Sulfanillc acid, the
major metabolite of tartrazine, also did not exhibit any Inhibitory
effects on sheep seminal vesicle cyclo-oxygenase. These investigators
concluded that, in view of their findings, the cross-sensitivity
between aspirin and tartrazine, in aspirin sensitive asthmatics, is
unlikely to be based on prostaglandin inhibition.
The association between tartrazine sensitivity and aspirin-
intolerance is not fully understood. There is no structural
similarity between the two compounds except that they are both
aromatic and contain either acidic carboxyl or sulfonic acid groups.





To date, most Individuals In the United States and some western
countries Ingest tartrazine on a dally basis; therefore, hypersensiti¬
vity to tartrazine could be expected. Lockey (1977) administered test
doses of food dyes to Individual patients, and described methods of
testing for sensitivity to various food additives. Neuman et al. (1977)
Investigated the hazards of tartrazine to allergic subjects. The study
showed that about a third of the allergic population Investigated was
clinically affected by tartrazine.
Labeling of products by the manufacturers of various foods Is
not required for tartrazine (Cordas, 1978). This fact Is extremely
unfortunate In that the level of tartrazine consumption by consumers
Is virtually unknown. Tartrazine Is combined with other certified
colors to obtain various shades In foods, drugs, and cosmetics, and
Its use Is extended as a colorant for silk and wool. Persons susceptible
to tartrazine may encounter hypersensitive reactions when consuming
alcoholic beverages as well as different yellow, orange, or green
colored soft drinks, for the color of these beverages Is enhanced with
the dye. However, not all yellow products contain tartrazine. There
are other FD&C dyes approved by the government for consumer use, such
as sunset yellow (FD&C No. 6) and yellow #10.
The study by Buswell and Lefkowltz (1976) demonstrated that of
149 oral bronchodllators distributed by forty-five American pharmaceuti¬
cal companies, 19.49 percent contained tartrazine. Due to the
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publication of a list of drugs that contain tartrazine, many
manufacturers have deleted the dye from their preparations (Cohon,
1975; Smith and Slavin, 1976).
Ryan ^ (1969a) used radioactive sulfur in anaerobic
incubation with ^ vulgaris and ratgut contents to determine the
metabolites of tartrazine, sulfanilic acid and 4-sulfophenylhydrazine.
In further studies done by Ryan ^ (1969b), it was concluded that
the intestinal flora are mainly responsible for degradation of
tartrazine in the intact rat. Animals given labeled tartrazine
excreted small amounts of radioactivity in their urine and it was
found to label the two metabolites of tartrazine. However, the excreted
feces contained most of the administered radioactivity. Within twenty-
four hours after oral administration of labeled tartrazine to the
experimental animal, 6 percent of a 10 mg dose was excreted in the
urine. After 48 hr, an additional 1.5 percent was excreted and after
72 hr, another 0.5 percent was excreted. The largest percentage (90%)
was excreted in the feces within 72 hr.
Bertagni (1972) administered intravenously tartrazine to male
and female guinea pigs and rabbits to study the biliary excretion of
the dye. Results showed no change in the administered tartrazine when
excreted in the bile and urine.
In other studies done with rats (Gregson, 1972), there appeared
to be a hormonal influence on tartrazine excretion. The study
demonstrated that male rats excreted 17 percent of the administered
dose in the bile, and 70 percent in the urine; while female rats
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excreted 40 percent in the bile and 45 percent in the urine 3 hr after
administration. Hirom (1972) demonstrated the hormonal Influence of
tartrazine by the subcutaneous Injection of 2.5 mg per kilogram per
day of testosterone propionate for 28 days into female rats. The
biliary excretion of tartrazine from the female animals was observed
to be the same as that of the males.
It was suggested by Jones et (1964) that azo dyes given
orally to human beings normally undergo cleavage to give aromatic amines
in vivo. Therefore, tartrazine should give sulfanillc acid as a major
metabolite upon reduction. However, after administration of the dye
to rats and rabbits, tartrazine was recovered unchanged in the urine
and sulfanillc acid was not detected.
Physical Effects Due to Tartrazine Ingestion
Tartrazine has been banned for use in coloring foods and drugs in
Sweden (Cordas, 1978) . Lockey (1975) estimated that 35,000 different
drugs and foods contain tartrazine in the USA. Since it is not an FDA
requirement that the content nor the amount of tartrazine be listed on
these products, studies have not yet been done as to what effect various
levels of tartrazine ingestion may have on human subjects. However,
Ershoff (1977) tested the growth and survival of rats fed toxic levels
of tartrazine. He found that when a 5% level of tartrazine was
incorporated in a stock diet, there was no Immediately obvious toxic
effects. When the same level of tartrazine was incorporated with a
purified diet, a marked retardation of growth resulted, along with an
unhealthy physical appearance of fur; 50% of the rats died in an
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experimental period of 14 days. A similar experiment performed with
amaranth (FD&C Red No. 2) resulted in total cessation of growth along
with unhealthy appearance of the fur and death within a 2-week period
(Ershoff and Thurston, 1974) . Ershoff (1977) also noted that when Red
No. 40 at a 5% level was incorporated in the stock diet, there was no
deleterious effects on Increment in body weight. The rats survived
the experimental period of 14 days and were indistinguishable from
the controls.
A case report in 1978 revealed a patient suffered anaphylactic
shock due to tartrazine's presence in a cleansing enema (Trautlein
and Mann, 1978). After a routine enema upon entering a hospital,
the patient suffered very adverse reactions to something unknown at
that time to the doctors. There was a subsequent allergic survey
performed. The chemical composition of the cleansing agent was assessed,
followed by successful treatment of the patient.
An added concern over the adverse effects of tartrazine is the
possibility that its use may affect the central nervous system.
Synthetic organic colors have been implicated in aberrant behavior,
such as the hyperkinetic reactions of childhood and learning difficul¬
ties (Feingold, 1975). Feingold Implicated tartrazine as being the
specific dye that was associated with behaviorial disorders. It must
be mentioned that this latter claim of neurobehaviorlal potential was
loosely based on clinical observations. There have been few
controlled experimental investigations with artificial fool colorants
to confirm this claim.
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Sobotka C1977) studied GNS effects In rats resulting from
prenatal, postnatal, and postweaning exposure to tartrazine.
Tartrazlne-related effects were Insignificant on average litter size,
and on body weights of the male and female offspring. Within the
postnatal period of 3 weeks, survival of the offspring was also
unaffected. In the male pups fed both 1 and 2% dietary levels of
tartrazine, there was a significant decrease in body weight as
compared to the control animals. Tartrazine treated females fed at
the same dietary level as the males also exhibited depressed body
weights. However, food consumption of the experimental offspring was
unaffected by the tartrazine diets. The Investigators demonstrated
that tartrazine did not induce malfunctions of the GNS; these observa¬
tions were based on functional development criteria including the
auditory startle reflex, vlbrassa placing response, neuromotor clinging
ability on an Inclined plane and development of motor activity.
GytolOgical Action of Vitamin G
Ascorbic acid, commonly known as vitamin G, is not manufactured
by the human body; therefore, minimum quantities must be consumed
everyday due to its requirement for normal functioning of the human
system. Vitamin G is a possible inhibitor of intragastric formation of
N-nitroso compounds (Mirvish , 1972), and the formation of
nltrosamlnes in food products (Fiddler a^., 1973); however, its
action on the genome of human cells has not been investigated.
Stich and associates (1976) presented evidence of the mutagenic
effects of vitamin G in the presence of copper. Experimental systems
used were DNA fragmentation, DNA repair, and chromosomal aberrations
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which included chromatid breaks and exchanges. However, it was found
that if the ascorbic acid solution was rushed with N2 immediately
before addition to cell cultures, the DNA damaging and chromosome-
breaking actions were inhibited. The results obtained were dose-depen¬
dent in that the active dose of ascorbate products was only two-to-
tenfold greater than that of potent mutagens in a mammalian system.
Galloway and Painter (1979) used sister-chromatid exchange (SCE)
and DNA synthesis inhibition tests to continue investigation of the
effects of ascorbic acid alone or in combination with a potent mutagen,
MNNG (N-methyl-N-nitro-N-nitrosoguanidlne) on mammalian cells. They
found that sodium ascorbate caused a dose-dependent increase in SCEs in
mammalian cells when the cells were subjected to large doses. The
ascorbate caused cytotoxicity and cell-cycle delay; however, catalase
was active in preventing these effects. At concentrations of 2-20 mM,
the investigators found that ascorbate inhibited DNA synthesis in HeLa
cells dose-dependently. Catalase was also active here in preventing
this inhibition. Partial explanations for the results obtained are
provided in the oxidation of ascorbate. Hydrogen peroxide (H2O2) is a
product of ascorbate oxidation and in itself may be responsible for
cytotoxicity. Also, free radicals induced by H2O2 could be responsible
for damaging DNA as well as induction of SCEs by ascorbate.
The interaction of ascorbate with the transition metals, copper,
iron, and manganese to produce cytotoxicity by way of chromosome
damage in cultured CHO cells was examined by Stlch ^ al. (1979).
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Results obtained showed that treatment of cells with ascorbate
induces significant amounts of chromosome aberrations and at very
high concentrations, mitotic inhibition. The combination of
ascorbate and manganese enhanced aberration count, but reduced
mitotic inhibition. It was found here also that catalase, when
added to the cell culture medium, caused the virtual disappearance
of the mitosis-inhibiting and chromosomal-damaging action of
ascorbate alone. The combined treatment of ascorbate and iron
induced very high levels of chromosome aberrations. The investigators
suggest that iron may be of particular concern in evaluating the over¬
all effects of ascorbate. Again, as in other investigations,
^2*^2 suggested to be responsible for results obtained.
Antioxidants prevent the destructive nonenz3nnatlc attachment
of molceular oxygen on the double bonds of the polyunsaturated
fatty acid components of tissue lipids (Shamberger and Rudolph,
1966). On the premise that ascorbate is a known antioxidant, and
antioxidants prevent carcinogenesis in animals (Shamberger and
Rudolph, 1966) and may possibly prevent certain types of human
cancers (Shamberger ^ , 1972), Shamberger and associates (1973)
investigated the possibility that antioxidants may also prevent
chromosome damage. They found that antioxidants protected
chromosomes against breakage and this was consistent with evidence
that antioxidants prevent cancer.
CHAPTER III
MATERIALS AND METHODS
Muiitlacus muptj ac fibroblast cells were utilized throughout the
experiments; the cells were purchased from American Type Culture,
Rockville, Maryland. Cell cultures were grown in Corningware flasks
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(150 cm , 75 cm , and 25 cm ) purchased from VWR Scientific, Inc.
Colcemid, Basal Eagles Medium (with Hanks salts and L-Glutamine),
Fetal Calf Serum (PCS), and Kanamycln solution (10,000 mcg/ml
Kanamycin Base), Earle’s Balanced Salt Solution (EBSS-without calcium
and magnesium) and Trypsln~EDTA were purchased from Grand Island
Biological Company, Grand Island, New York.
The cell cultures were routinely grown in Eagles Basal Medium
supplemented with 10% FCS and 100 mcg/ml Kanamycin. Approximately
every 3 to 5 days, or when the cells were confluent, subculturing
was carried out. During this process, the cells were washed twice
with EBSS, trypslnlzed for one minute, and Incubated at 37® for about
10 minutes. Cells were resuspended in media without serum and inoculated
into new flasks; additional growth media was added to the flask for the
continuation of the cell growth process. The cultures were Incubated
at 37®.
The experimental design of these investigations utilized a series
(I-^V) of studies involving government approved dyes, commonly referred
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to as FD&C (Food Drug and Cosmetic) and/or D&C (Drug and Cosmetic)
dyes. Series I involved the short term treatment (48 hrs) of M.
muntjac fibroblast cells with three dyes: tartrazine (FD&C Yellow
No. 5), allura red (FD&C Red No. 40), ponseau sx (D&C Red No. 4),
each supplied by Warner-Jenkinson Co. of St. Louis, Mo. The concen¬
trations of each dye used were 3, 5, 10, and 20 mcg/ml in BBSS.
Untreated cells, inoculated with a comparable volume of BBSS, served
as controls for all experiments. Series II involved long-term
treatment of fibroblast cells with the same three dyes as above at
a concentration of 10 mcg/ml; treatment time for the cells was 6 days.
Series III was used to assess possible chromosomal repair mechanisms
in fibroblast cells treated with a specific dye for 48-72 hrs. The
media was then poured off, with the addition of fresh growth media,
and subsequent maintenance of the cells for a total of 96-144 hrs.
Series IV involved the use of ascorbic acid (Vitamin C) in combina¬
tion with Yellow No. 5 to determine any effects the combination of the
two compounds would have on decreasing chromosomal aberrations. In
Series V, acetylsalicylic acid (ASA) and Yellow No. 5 were investigated
to cytogenetically determine possible synergistic action these two
compounds would have on mammalian cells.
Control and experimental cells were prepared for chromosomal
analysis as outlined by Patterson and Petriccianl (1973) . Briefly,
the procedure Involved treating the cells with either .025 or .03
mcg/ml of colcemid for 15 to 20 hrs in order to arrest the cells at
metaphase. Cells were then washed with BBSS, trypslnized, and
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centrifuged in BBSS. Following centrifugation, cells were placed in
a hypotonic solution (1:4 media to distilled water) for 20 minutes
at 37®. Cells were fixed in acetic acid-methanol (1:3) for 30 min.
After several washings in the fixative, drops of the cell suspension
were placed on cold wet slides which were then allowed to air dry.
Slides were stained in blood glemsa, rinsed, and air dried. After






Muntlacus muntjac, a small Aslan deer, has the lowest recorded
diploid chromosome number reported for a mammal (Wurster and
Benirschke, 1970). The diploid number for the male is 7, and 6 for
the female. The male karyotype, used throughout this study, consists
of two large metacentrlcs and four acrocentrlcs in three groups.
The "X” chromosome is fused at the centromeric end of the smallest
acrocentric in group 3. The "Y" is a very small metacentric. There
is a marked secondary constriction exhibited by the third pair of
chromosomes (Fig. 1). In the female, the 2 "X" chromosomes are fused
to the third pair.
Muntlacus muntjac fibroblasts treated with 3 ug/ml of tartrazine
for 48 hr yielded 30% aberrations as compared with 6.03% in the
control group (Table 1). In the 3 yg/ml experimental group,
chromosomes exhibited a high number of chromatid breaks (15%)
(Fig. 2) and a limited number of gaps and dicentrics. A high
percentage of control cells exhibited a normal diploid number of
chromosomes.
As the concentration of tartrazine was increased for a 48 hr
18
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Fig. 1. A normal chromosome complement for M. muntjac fibroblasts
illustrating 2 large metacentric chromosomes, 4 acrocentric
chromosomes, the "X" chromosome (arrow) and the small




Table 1. Effects of tartrazine on M. muntjac cells at concentrations








Control 3 yg/ml Control 5 yg/ml
116 200 113 103
0 15.0 0.89 10.6
1.72 5.0 1.72 16.0
0 8.0 0 9.3
0 0 0 3.3
4.31 2.0 3.5 6.8
6.03 30.0 6.2 46.1Total aberration (%)
22
Fig. 2 . Chromatid break in chromosome pair number 1 (arrow).




treatment, there was a significant increase In chromosome damage;
5 yg/ml treated cells showed 46.1% aberrant chromosomes, as
compared to 6.2% for the controls (Table 1). This group exhibited
a high frequency of dicentrics, and in some Instances, breakage of
the attached *'X" from chromosome No. 3 (Fig. 3-4). The control group
exhibited aberrations which Included spontaneous breaks, dicentrics
and chromatid separations.
When the tartrazine concentration was increased to 10 yg/ml for
48 hr, the data revealed not only an increase in the percentage of
aberrant chromosomes (53.45%), but an increase in the types of
aberrations (Table 2). The highest percentage of aberrations occurred
as breaks of the attached "X" with and without displacement. A
chromosome complement that included a ring and a broken "X" was among
the unusual aberrations seen within this experimental group (Fig. 5).
There was a high dicentric percentage and a lower percentage of
polyploid cells that included dlsattachment of the "X" and a "bow-tie"
like fusion of the 2 broken "X’s" (Figs. 6-7). Control cells exhibited
3.8% chromosomal aberrations, including breaks and gaps. Control cells
showed only 5% aberrations.
Cells treated with 20 yg/ml of tartrazine for 48 hr exhibited
33.6% chromosomal aberrations (Table 2). In this experimental group,
18.8% of aberrant chromosomes were dicentrics (Fig. 8). Other
aberrations included breaks and gaps. Control cells demonstrated only
5% aberrations, including gaps and chromatid separations.
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Fig. 3. Breakage of the normally attached "X" (arrow) from





Fig. 4, Dicentric (arrow); fusion of the number 1 and nimiber 2




Table 2. Effects of tartrazine on M. munt.jac cells at concentrations
of 10 yg/ml and 20 ug/ml for 48 hrs.
Control 10 yg/ml Control 20 yg/ml
No. metaphases examined 128 152 100 10
Aberrations (%):
Breaks 0 19.7 0 7.9
Dicentrics 0 18.4 0 18.8
Gaps 1.5 6.8 0 6.9
Ring 0 0.66 0 0
Polyploid 0 7.89 0 0
Chromatid separation 2.3 5.0 0
Total aberrations (%) 3.8 53.45 5.0 33.6
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Fig. 5. Ring formation of chromosome pair number 3 (large arrow).
Note the broken "X" detached from the number 3
chromosome which formed the ring (small arrow). (1250X)
31
32
Fig. 6 Chromosome set demonstrating polyploidy. Note broken




Fig. 7. A polyploid cell that includes the fusion of two "X"
chromosomes to form the "bow-tie" like arrangement





Fig. 8. Chromosomes exhibiting a fusion of a number 1
metacentric (large arrow) and number 3 attached
"X" (small arrow) to form a dicentric. Cells were
treated with 20 yg/ml tartrazine. (1250X)
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Cells treated with 10 yg/ml of allura red for 48 hr showed an
aberration count of 30% (Table 3). The two major types of
aberrations seen were breaks and gaps (Fig. 9). The control cells
contained 5% aberrations. Cells treated with 10 yg/ml of ponseau
sx showed 18.4% chromosomal aberrations as compared to 5% for the
untreated group (Table 3). In this group, breaks were the most
frequent aberration type (Fig. 10).
Long-Term Study
Muntiacus muntj ac cells treated for a longer period of time
(144 hr) with tartrazine, allura red, and ponseau sx were able to
markedly lower the rate at which the treated cells reached confluency.
After cells were prepared for chromosomal analyses, there was a
reduction in the mitotic index. At a concentration of 10 yg/ml for
144 hr, allura red yielded 10.1% aberrant chromosomes (Table 4).
The types of aberrations noted occurred at lower frequencies than
short-term treatment groups. Cells treated with 10 yg/ml of tartra¬
zine were all normal (Table 4). Ten yg/ml of ponesau sx yielded a
frequent occurrence of breaks; total aberration count was 19.3%.
For each of the above experiments, control cells exhibited only
1.8% chromosomal aberrations.
Short-Term Treatment and Long-Term Culture
Cells treated for 3 days with a concentration of 5 yg/ml of
tartrazine, then allowed to remain in culture for an additional
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Table 3. Effects of allura red and ponseau on M. muntjac cells at











5.0 30.0 18.4Total No. Aberrations (%)
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Fig. 9. Chromatid gap (arrow) on chromosome pair number 1.





Fig. 10. Chromatid break on chromosome pair number 1 (arrow).




Table 4. Effects of allura red, tartrazine and ponseau sx on
M. muntjac cells at a concentration of 10 ug/ml.
Treatment: 144 hrs.
Control











10.1 0 19.3Total No. Aberrations (%)
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13 days {a total of 16 days) showed 48.0% aberrant chromosomes
(Table 5). Chromatid separation was the most frequent at 39.0%.
Other aberrations included breaks and gaps. Control cells
exhibited 3.6% chromosomal aberration with very low percentages
of gaps and chromatid separations. Cells treated with 10 yg/ml of
tartrazlne for the same culture times as above (Table 5) exhibited
25.0% total aberrations. Including an endoreduplication (Fig. 11),
breaks, gaps, dicentrics, and chromatid separations. The control
cells showed 3.6% chromosomal aberrations that Included gaps and
chromatid separations.
Cells treated with 5 yg/ml ponseau sx for 4 days and allowed to
remain in culture for a total of 7 days resulted in an aberration
count of 46.1% (Table 6). Chromatid separation represented the
highest percentage of the chromosomal aberrations observed. Other
aberrations Included breaks, dicentrics, and a low percentage of gaps.
Cells treated with 5 yg/ml of allura red for the same designated
period as above resulted in 36.7% chromosomal aberrations (Table 6).
Breaks and gaps represented the highest aberration percentages;
dicentrics were also observed (Fig. 12). Control cells for each of
the above experiments had an aberration count of 5%. Low percentages
of dicentrics, breaks, and chromatid separations were noted in the
controls.
Ascorbic Acid Studies
Cells treated with 100 yg/ml ascorbic acid (Vitamin C) alone for
46
Table 5. Effects of tartrazine on ^ muntjac cells at concentrations
of 5 yg/ml and 10 yg/tnl for 3 days treatment at 16 days
total culture time.
Control 5 yg/ml 10 yg/ml
No. metaphases examined 137 100 40
Aberrations (%):
Breaks 0 4.0 10.0
Gaps 0.7 5.0 2.5
Dicentrics 0 0 7.5
Chromatid separation 2.9 39.0 2.5
Endoreduplication 0 0 2.5
Total aberrations (%) 3.6 48.0 25.0
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Fig. 11. Endoreduplication of the chromosome complement. Cells
were treated with 10 yg/ml tartrazine for 3 days and




Table 6. Effects of ponseau sx and allura red on ^ munt.jac cells at
a concentration of 5 yg/ml for 4 days treatment and 7 days
total culture.
Control Ponseau SX Allura Red
No. metaphases examined 100 171 106
Aberrations (%); ■- '
Breaks 1.0 4.8 15.0
Gaps 0 0.5 12.3
Dicentrics 2.0 5.8 9.4
Chromatid separation 2.0 35.0 0
Total no. aberrations (%) 5.0 46.1 36.7
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Fig. 12. Dicentric (arrow), fusion of number 1 chromosome and
number 3 attached "X". Cells were treated with allura
red for 4 days and allowed to remain in culture an
additional 3 days. (1250X)
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48 hr exhibited a 62.8% aberrant chromosome count as compared
with 5.0% in the untreated group (Table 7). Chromosome aberrations
included high percentages of breaks, gaps, and dicentrics. Treatment
with 10 yg/ml tartrazine alone resulted in 40.0% chromosomal
aberrations, with high percentages of breaks, gaps and dicentrics
(Table 7). When tartrazine and ascorbic acid were simultaneously
added to cell cultures, 50.98% aberrations were observed. A number
of aberration types not seen in any other experimental group were noted
such as, triradials and multiple breaks and gaps (Fig. 13-14).
Acetylsalicylic Acid Studies
Cells exposed to 100 yg/ml of acetylsalicylic acid (ASA) for
48 hr exhibited a 36.0% aberration count, as compared to a 4.0%
aberration count in the control (Table 8). Chromatid separation
occurred at 15.0% and breaks and gaps totaled 21.0%. One hundred
yg/ml combined with 10 yg/ml tartrazine (treatment 48 hr) showed a
decrease in aberration count to 32.0%. A high percentage of both
breaks (15.0%) and gaps (17.0%) was exhibited. Tartrazine alone
resulted in 40.0% chromosomal aberrations that included breaks, gaps.
and dicentrics.
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Table 7. Effects of ascorbic acid (100 yg/ml) and tartrazine
(10 yg/ml) on M. muntlac cells cultured for 48 hrs.
Control Ascorbic Acid Tartrazine Ascorbic Acid
Tartrazine
No. metaphases examined 100 110 100 102
Aberrations (%)
Breaks 2.0 20.0 10.0 19.6
Gaps 3.0 27.3 8.0 24.5
Dicentrics 0 15.5 22.0 5.9
Triradials 0 0 0 0.98
Total aberrations (%) 5.0 62.8 40.0 50.98
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Fig. 13. Chromosome interchange (triradial) between chromosome
number 1 and chromosome number 3 attached "X" (large
arrow). Note chromatid gap on chromosome number 2
(small arrow). Cells were treated with 100 yg/ml
ascorbic acid and 10 pg/ml tartrazine. (1250X)
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Fig. 14. Multiple breaks and gaps. Cells were treated with





Table 8. Effects of acetylsalicylic acid (100 yg/ml)—ASA, and
tartrazine (10 vg/ml) on ^ muntjac cells cultured for
48 hrs.
Control













36.0 40.0 32.0Total aberrations (%)
CHAPTER V
DISCUSSION
The ability to recognize various kinds of chromosome mutations
largely depends upon the size and the number of chromosomes studies.
Muntiacus muntj ac chromosomes are not only small in diploid number
(7), but are also very large, thus, enabling gross morphological
changes to be detected with ease.
The first experiment indicates that chromosomal aberrations can
be induced in a 48 hr period using concentrations of 3 yg/ml, 5 yg/ml,
10 yg/ml, and 20 yg/ml of tartrazine. The experimental group of 3 yg/ml
exhibited a high percentage of aberrations as compared to the control
group. When the concentration of tartrazine was increased to 5 yg/ml
and treatment remained at 48 hrs, there was a corresponding significant
increase in chromosome damage. A concentration of 10 yg/ml demonstrated
this also; however, in the 20 yg/ml experimental group, the total
percentages of aberrations decreased. This variation from the hypothe¬
sis that increased concentrations yield increased aberration frequencies
was thought to be due to the low mitotic index. In the 20 yg/ml
experimental group, the number of metaphases per one-hundred cells was
considerably lower, as compared to the mitotic indices for 3, 5,
and 10 yg/ml of tartrazine, respectively. Lewis ^ (1979) also
noted a decrease in chromosomal aberrations when using the same
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concentration (20 yg/ml) of the dye Rhodamine B (D&C Red No. 19).
However, there was an Increase in the type of aberrations found.
Chromosomal analyses of the azo dye, tartrazine, have not been
previously reported; however, Yahagi ^ al^. (1975) found several azo
dyes and their derivatives to be muta/carcinogenic and suggested that
these effects may involve modification of the DNA.
Ponseau sx and allura red, also azo compounds, both induced
significant numbers of breaks and gaps at 10 pg/ml for 48 hrs. Although
cytogenetic studies have not been reported for either of these dyes,
Chung ^ (1978) reported that their chemical structures are similar
to amaranth (formerly FD&C Red No. 2), which has been found to cause
damage to chromosomes (Lewis, 1979) as well as skeletal abnormalities
in fetuses (Collin and McLaughlin, 1972) . Hansen ^ al^. (1977) fed
dietary levels of ponseau 6R to pigs and although the effects of the
dye were dose-dependent, discoloration of the connective tissue did
result.
Exposure of the three azo-dyes to cell cultures for a longer
period of time (6 days) at a concentration of 10 pg/ml resulted in a
lower percentage of chromosomal aberrations. It is theorized that
the length of time the cells were exposed to the dyes caused a toxic
reaction, thus resulting in cell lethality and leaving a minimum
amount to survive and be analyzed. The only long-term study reported
for any of the dyes was with tartrazine (Mannel, 1958). Mannel
reported in vitro studies using rats; however, FDA pathologists did
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not find any harmful effects. Ryan et al^. (1969) reported that the
intestinal flora are mainly responsible for degradation of tartrazine
in the intact rat and usually within a period of 72 hours, ninety
percent of the tartrazine is excreted in the feces and urine.
Cells exposed to 5 yg/ml tartrazine for 3 days and allowed to
remain in culture an additional 13 days did not show a significant
decrease in total chromosomal aberrations as was hypothesized, but
did show a significant decrease in breaks, gaps, and dicentrics, as
compared to previous experiments. The chromosome structural changes
that are due to lesions (breaks and/or gaps) are discontinuities which
can occur as a result of chemical action (llvans, 1962). The vast
majority of these lesions in a chromosome (90-99.7%) are rejoined in
the original order by repair processes, and the chromosomes suffer no
visible structural changes. A high percentage of chromatid separation
accounted for most of the total aberration percentage. Cells treated
with 10 yg/ml of tartrazine for 3 days and maintained in culture for
an additional 13 days demonstrated a decrease in the overall population
of cells as compared to the 5 yg/ml experimental cultures, which
again suggested cell lethality. This concentration of tartrazine did
not induce more chromosomal aberrations, but did induce endoreduplica-
tion at a low percentage, an aberration not noted in any other
experimental group.
Cells treated with 5 yg/ml of ponseau sx for 4 days and allowed
to remain in culture an additional 3 days demonstrated an Increase in
chromosomal aberrations as compared to the 6 day experimental group
with the same dye. In this group, toxicity was not evident and breaks
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and gaps did occur at low percentages which is again indicative of
a repair process. Chromatid separation occurred at a high percentage.
Cells exposed to allura red at a concentration of 5 yg/ml with the
same treatment/culture time also showed no evidence of toxicity.
Unlike ponseau sx, allura red induced more breaks, gaps, and dicen¬
trics, but the total number of aberrations did decrease.
The action of ascorbic acid on chromosomes in this study revealed
a high percentage of aberrations. Ascorbate' s mutagenic action was
studied by Stich ^ al. (1976). They found that ascorbic acid caused
single stranded breaks in DNA and elicited chromosome breaks and
interchanges (triradials). Chromosome interchanges along with multiple
breaks and gaps resulted when ascorbic acid (100 yg/ml) was combined
with tartrazine (10 yg/ml) in cell cultures in the present study.
Similar results were obtained when ascorbic acid was combined with the
transition metal Fe(III) (Stich » 1979). In this particular
experiment, ascorbate did not act as an antioxidant, i.e., did not
inhibit chromosome damage. These results are in direct contrast to
the findings of Shamberger ^ al. (1973) who found that chemical
induced breakage of chromosomes was decreased by several antioxidants,
including ascorbic acid. Ascorbate antioxidant action is dose-depen¬
dent and its non^lnhlblting action in the present study may be due to
the high concentrations used (100 yg/ml).
Investigations with acetylsallcylic acid (ASA) and tartrazine
resulted in a significant increase in chromosomal aberrations.
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Because of the direct correlation between tartrazine hypersensitivity
and aspirin intolerance (Stenius and Lemola, 1976; Samter and Beers,
1968), it was hypothesized that the combined action of the two
compounds would be synergistic and would cause a very significant
increase in chromosomal aberrations, however, this was not observed.
CHAPTER VI
SUMMARY
1. The objective of this research project was to assess the effects
that the azo-dyes, tartrazine (FD&C Yellow No. 5), allura, and
ponseau sx have on the genome of mammalian cells ^ vitro.
2. Specifically, a cytogenetic analysis of the chromosomes of
M. muntjac was performed to determine the morphological changes
induced by the azo dyes. Additional cytogenetic studies with
ascorbic acid and acetylsallcylic acid were conducted.
3. The study revealed a significant Increase in the amount of
aberrant chromosomes in cells treated with various concentrations
of tartrazine, allura red, and ponseau sx.
4. As the concentration of tartrazine was Increased, there was a
corresponding increase in the number and types of aberrations.
5. A higher frequency of breaks was observed on chromosome number 1
than on other chromosomes with each dye used. There was also a
high incidence of breakage of the attached "X" from chromosome
number 3.
6. In the 10 pg/ml experimental group of tartrazine, there was not only
ah Increase in aberration percentage, but also an increase in
aberration type as compared to other concentrations used.
7. In the 20 pg/ml experimental group of tartrazine, the total percen¬
tage of aberrations decreased; however, this may be due to a low
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mitotic index which is indicative of toxicity.
8. Cells treated with 5 yg/ml tartrazine for 3 days and allowed to
remain in culture for a total of 16 days showed no decrease in
total percentages; however, a decrease in the number of chromo¬
somal lesions (breaks and gaps) was demonstrated.
9. Cells treated with ascorbic acid alone, at a concentration of
100 yg/ml, also showed a high percentage of chromosomal
aberrations.
10. Cells treated with a combination of ascorbic acid and
tartrazine demonstrated a high aberration frequency. Chromo¬
some interchanges and multiple breaks and gaps were observed.
11. Ascorbic acid did not act as an antioxidant or inhibitor of
chromosomal aberrations as hypothesized. The action of
ascorbate is dose-dependent and its non-lnhibitory action may
be due to the large dosage used in the study (100 yg/ml).
12. Studies to demonstrate synergistic action between acetylsallcyllc
acid and tartrazine proved to be negative; however, a substantial
amount of breaks and gaps did occur.
13. Ten yg/ml of allura red for 48 hr induced breaks and gaps, as did
ponseau sx; however, the former resulted in a lower percentage of
chromosomal aberrations than did allura red.
14. Cells treated with 10 yg/ml of allura red, ponseau sx, and
tartrazine for 144 hr reached confluency at a slower rate than
did the control cells. This may have resulted in a lower chromosome
aberration count.
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